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lines of a memoir by M. Darboux on the solution of a 
biquadratic equation in Liouville’s journal, with which 
its eminent author, my colleague in the Institute of 
France, providentially presented me shortly after my 
arrival in Paris, and which led me to see that the three 
pairs of solutions of the Hamiltonian equation must stand 
in immediate conceptual relation to the three pairs of 
sides of the complete quadrangle formed by a certain 
conic related to the form p nr” -)- q x + r (in fact the deter¬ 
minant of the matrix / u + qv ■+ rw) with the fixed conic 
v" — u TV. 

Now comes the turning point, the avayvdpuns of this 
strange eventful history. 

“ There’s a Divinity that shapes our ends, 

Rough-hew them how we will.” 1 

Seized with a sudden and fortunate attack of bronchitis, 
which confined me to my bed, and in the access of noc¬ 
turnal fever which that state induces, my thoughts reverted 
with increased activity to this geometrical figure. It 
became clear to my inner sense that there ought to be 
an immediate relation between the biquadratic deter¬ 
minant of the form p: f 3 + q x 4- r, spoken of above, and 
the three pairs of its roots, and seizing my courage with 
both hands, I made bold to declare to myself that the 
functional parts of the six identical equations to the six 
roots ought to be the three pairs of conjugate quadratic 
factors of the biquadratic in question. 

But if this should turn out to be true, it became impos¬ 
sible not to suspect, or even more than half believe, that 
an analogous statement must admit of being made for a 
unilateral equation (i.e. one in which, as in Hamilton’s, 
the multipliers of each power of the unknown matrix x lie 
all on the same side (whether to the right or left) of it) 
whatever might be the degree of the equation, and what¬ 
ever the order of the matrices concerned. In other words, 
supposing fx = o to be such equation, and <p x = o to 
be the identical equation to any one of its roots, x 
ought to be contained as an algebraical factor in the 
determinant of the matrix fx when, for the moment, x 
therein is regarded as an ordinary quantity. If this were 
so, then the reciprocal theorem would necessarily be true 
(on account of the determinant referred to being in general 
irreducible), viz. that, supposing w to be the order of the 
matrices concerned, every algebraical divisor of it, say <j> x, 
of the degree «, must be the identically-zero function to one 
or the other of the matrices x which satisfy the equation 
f x = o, and consequently it would be only necessary to 
combine, according to a well-known method of elimina¬ 
tion, the given form fx with each in succession of the 
derived forms, which constitute a brood or litter as it were, 
issuing “ de son propre sein,” to obtain all the roots of fx 
by solving the ordinary algebraical equation det. (fx) = o, 
and that thus the solution of the unilateral equation would 
depend on the solution of an ordinary equation of the de¬ 
gree n a, n being the degree of 'f in x, and <0 the order of the 
matrices concerned : the number of the roots of fx would 
therefore be the number of ways of combining n to things 

a and to together, i.e. - — ——-- . But herein arose a 

ri <»n (» - i)m 

self-created difficulty, a phantasmal projection of my 
own brain, to block up the way, and throw doubt and 
discredit on all that precedes. Supposing w = 2, the number 

of roots thus ascertained would be — 1 - or 2 « 8 — n 

2 7 

and for « = 3 would be 15. Now, in the London and 
Edinburgh Philosophical Magazine for May last, whilst 
I had shown that 2 ri- — n is the number of roots of 
a unilateral equation in quaternions of the degree n, and 
of the trinomial or Jerrardian form, I thought I had proved 
the number of solutions of a complete cubic equation in 
quaternions to be 21 (upon which I based the formula 

1 It is one of Descartes’ “self-evident primary truths” that nothing which 
has happened could not have happened otherwise. 


n (ri 1 — n + 1) for a unilateral equation of quaternions of 
the degree n. There was then the choice to be made 
—to abandon the conjectural theorem, or to admit an 
error in the supposed determination of the number 21. I 
felt no hesitation in making my election, especially as 
there was a loop-hole for error in such numerical determi¬ 
nation, inasmuch as no actual arithmetical calculations had 
been made, but the order of a certain system of equations 
which ought to be equal to the number of roots of fx was 
inferred from calculations in which all numerical quantities 
were left in blank ; it was therefore quite possible (how¬ 
ever unexpected the fact) that some of the leading 
coefficients of the resolving equation of the degree 21 
might become zero, 1 and consequently that the order 
might fall below (although it could not rise above) that 
number. To my gratified surprise my faith met with its 
reward, for I soon found an easy proof of the remarkable 
theorem which I have ventured, in emulation of a phrase 
of Cauchy, to call a <l pnlcherrima regula which will 
appear in the number of the Comptes Rendus next forth¬ 
coming after this date, and which may be summed up 
approximately in the following words :— Every latent root 
of every loot of a given unilateral function in matrices of 
any order, is an algebraical root of the determinant of that 
function take?i as if the unknown were an ordinary 
quantity, and conversely every algebraical root of the 
determinant so taken is a latent root of one of the roots of 
the given functions This constitutes a marvellous exten¬ 
sion (to a matrix implicitly given by a unilateral equa¬ 
tion) of the already no-little-marvellous Hamilton-Cayley 
theorem of the identical equation to a matrix given 
explicitly. 

My good genius met me on the deck of the Invicta, and 
only left me three weeks later on board the returning 
steamer from Boulogne. There my pleasing algebraical 
dream came to an end. 3 J. J. Sylvester 

New College, Oxford, October 26 


OUR FUTURE WATCHES ANI) CLOCKS 
TJ OWEVER long the use of the letters “a.m.” and 
A “ p.m.” for distinguishing the two halves of the 
civil day may survive, it seems probable that the more 
rational method of counting the hours of the day con¬ 
tinuously from midnight through twenty-four hours to the 
midnight following may before long come into use for a 
variety of purposes for which it is well adapted, even if it 
should not yet be generally employed. It seems proper, 
therefore, to consider in what way ordinary watches and 
clocks could be best accommodated to such a change in 
the mode of reckoning. To place twenty-four hours on 
one circle round the dial instead of twelve hours as at 
present seems the most natural change to make ; but, in 
addition to a new dial, it would involve also some alter¬ 
ation in construction, since the hour hand would have to 
make one revolution only in the twenty-four hours instead 
of two. And there would be this further disadvantage, 
that the hours being more crowded together, the angular 
motion of the hand in moving through the space corre¬ 
sponding to one hour would be less—in fact, one-half 
of its present amount. It is to be remembered that, 
in taking time from a clock, persons probably pay 
small attention to the figures, either those for hours 

1 Or else that its functional part might be composite and throw off an 
irrelevant factor. 

2 I 11 terms more precise as regards the converse the theorem runs as follows : 
—The idcn tically~ze.ro function to a root of is is a. factor of the determinant 
to fx, and conversely every factor of that determinant of degree equal to 
the order of x is identically zero . 

3 A letter just received from M. Hermite informs me that M. Poincarre, in 
a paper presented by him to the Institute on Monday last, takes up the 
wondrous tale of multiple quantity so largely treated of by me in recent 
articles in the Comptes Rendus. The subject could not be in better hands. 
Ihe ball is served, and^ the most skilful and practised players—the Cayleys, 
the Lipschitzes, the Poincarres, ’the Weyrs, the Buekheims (and who knows 
how many more ?)—stand round ready to receive it, and keep it flying in 
the air.—November 8. 
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or minutes, the relative position of the hands on 
the dial probably at once sufficiently indicating the 
time to most persons without any need of refer¬ 
ence thereto, but it would be by no means so easy to 
pick up the hour from a circle containing twenty-four, 
and especially in the case of public and turret clocks. 
There is also the question of change of the motion-work 
to which allusion has been already made—necessary if 
the hour-hand is to make one revolution only in twenty- 
four hours—a practical question in regard to which the 
watch- or clock-maker could probably best speak. 

There is another way of adapting ordinary watches 
and clocks to the twenty-four hour system, which, if the 
watch is intended only for the reckoning of local time, 
seems deserving of consideration. It consists in making 
the hour figures shorter, not necessarily at all less distinct, 
and placing two circles of figures round the dial, an inner 
circle with hours from o to il, and an outer circle with 
hours from 12 to 23. The hour-hand would thus point 
to 1 and 13 and to 2 and 14, &c., at the same time, it 
being understood that the hours o, 1, 2, &c., would be 
reckoned in the morning, and the hours 12, 13, 14, &C., 
in the afternoon, a convention to which people would 
probably soon accommodate themselves. On such a plan 
a watch would only require a new dial, no change of 
wheelwork being necessary, so that it could be very 
readily applied to existing watches, and so sooner promote 
the use of the twenty-four hour system. Persons might 
perhaps object to the introduction of two hour-circles 
from an artistic point of view. But, after all is said, the 
question whether one circle containing twenty-four hours, 
or two circles having twelve hours in each, be preferable, is 
one to be settled only by a consideration of the relative 
advantages and disadvantages of the two proposals, in 
regard to which it would be interesting to learn what 
business men and others on the one hand, and practical 
watchmakers on the other, may have to say. There are 
conditions under which the one circle of twenty-four hours 
would certainly be the more advantageous, and clearly it 
would be well that one system only should if possible be 
used. 

As regards clocks, there is the further question of 
striking the hours. For public clocks we could not go 
on to twenty-four. It may be a question whether in large 
towns one stroke only at each hour might not be a suffi= 
cient indication, though even this rule probably could 
hardly be universally applied. 


THE BRITISH ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 

A T a meeting of the General Committee of the British 
Association held at the Royal Institution on the nth 
instant, Sir Lyon Playfair was elected President for the 
meeting at Aberdeen next yem. It was resolved to request 
the following to accept the office of Vice-President for that 
meeting :—The Duke of Argyll, the Duke of Richmond 
and Gordon, the Earl of Aberdeen, the Earl of Crawford 
and Balcarres, Sir William Thomson, James Matthews, 
Lord Provost of Aberdeen, Dr. Alexander Bain, Lord 
Rector of the University of Aberdeen, the Very Rev. 
Principal Pirie, and Prof. W. H. Flower. The following 
were elected Local Secretaries : Prof. G. Pirie, Dr. Angus 
Fraser, and Mr. J. W. Croinbie ; Local Treasurers : 
Messrs. Robert Lumsden and John Findlater. The fol¬ 
lowing appointments were also made :—General Trea¬ 
surer : Prof. A. W. Williamson, Ph.D., F.R.S. ; General 
Secretaries: Capt. Douglas Gabon, C.B., F.HS, and 
A. G. Vernon Harcourt, F.R.S. ; Secretary: Prof. Bonney, 
D.Sc., F.R.S. ; Ordinary Members of the Council: Capt. 
W. de W. Abney, Prof. W. G. Adams, Prof. R. S. Ball, 
J. F. La Trobe Bateman, Sir F. J. Bramwell, Prof. W. 
Boyd Dawkins, Dr. Warren De La Rue, Prof. J. Dewar, 
Capt. Sir F. J. Evans, Prof. W. H. Flower, Dr. J. H. 


Gladstone, J. W. L. Glaisher, Lieut.-Col. H. H. Godwin- 
Austen, J. Clarke Hawkshaw, Prof. O. Henrici, Prof. T 
McK. Hughes, Dr. J. Gwyn Jeffreys, Prof. H. N. Moseley, 
Admiral Sir E. Ommanney, W. Pengelly, Dr. W. H, 
Perkin, Prof. Prestwich, the Right Hon. George Sclater- 
Booth, Dr. H. C. Sorby, Sir R. Temple ; Auditors : John 
Evans, D.C.L., Treas.R.S., Dr. Huggins, F.R.S., and 
George Griffith, M.A. 

Invitations for the year 1886 were received from Bir¬ 
mingham, Bournemouth, and Manchester, and after a 
discussion (in which the representatives of Manchester 
expressed their willingness to withdraw in favour of Bir¬ 
mingham for the year 1886, but their earnest hope that 
the Association would not fail to visit them in 1887), it was 
agreed, nem con., to accept the invitation from the town 
of Birmingham for the year 1886. 

The report of the Council relating to the rules concern¬ 
ing the representation of local scientific societies at the 
meetings of the Association and the establishment of a 
Permanent Committee as a means of union between them 
and the Association were sanctioned, and it was resolved 
in accordance with a recommendation from the Council 
to present the die for the medal which is about to be 
founded at McGill University, Montreal, in commemora¬ 
tion of the visit of the Association to Montreal. 


THE NEW VOLCANIC ISLAND OFF ICELAND 
T the end of July this year the light-keeper at Cape 
Reykjanes, the south-west point of Iceland, reported 
that a volcanic island had risen in the sea a few miles off 
the cape. Reykjanes has long been noted as a centre of 
volcanic activity, and from time to time islands have 
arisen and submarine eruptions have occurred in its 
neighbourhood. In the year of the great Skaptarfell 
eruption, which proved so fatal to Iceland, 1783, an 
island appeared off Reykjanes, only to disappear again 
after a very brief existence. Only a year or two ago an 
eruption of considerable violence occurred in the sea, not 
far from the spot where the new island appeared. 
Columns of steam and clouds of dust, mingled with 
occasional glowing masses of fused rock, were seen to 
rise out of the sea, and large quantities of pumice were 
thrown up and drifted ashore on the neighbouring coast. 

Being desirous to learn as much as possible about the 
new island, I visited Reykjanes on September 9. The 
cape, like the greater part of the surrounding district, is 
entirely covered with lava; not far from the sea lie a 
number of boiling pools of considerable size, from whose 
agitated muddy waters arise the columns of steam that 
give the cape its name, Reykjanes (Smoking Cape) ; over 
a large area surrounding the pools the earth is perforated 
by steam jets and small mud boilers, and the traveller 
must pass warily over its treacherous surface, for under 
the thin and yielding upper crust lie beds of soft many- 
coloured clays, boiling hot, permeated by steam and 
mixed with sulphur. On a projecting cliff about 150 feet 
high stands the lighthouse, a low octagonal stone house, 
and from the point a line of islands, four in number, runs 
out to the south-west, the nearest being about seven miles, 
and the farthest about sixteen miles, from the cape. Of 
these only the nearest two, Eldey or Melstekken (the 
Meal-sack, so called from the guano deposits that whiten 
the top of its bleak cylindrical mass), and Eldeyjard- 
rangur, are usually visible from the lighthouse. The 
farther two, Geirfuglasker and Geirfugladrangur, are 
chiefly interesting as having been formerly frequented by 
the Great Auk or Gare-fowl (Ale a impennis), now appa¬ 
rently extinct. 

When I reached Reykjanes, rain and mist obscured the 
sea, Eldey could only with difficulty be seen, and the 
new island was quite invisible. I waited patiently for 
better weather, employing the time in examining the 
boiling springs and hot clay-beds, which are similar to 
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